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Abstract 
The thermodynamic behaviour of three different binary mixtures of ionic liquids 
(ILs) and solvents are studied using the UniSim program.  
Although currently there is a lot of thermodynamical and structural data 
available, which has been extracted from different experimental techniques, 
such as infrared or NMR spectroscopy, not all of them are useful for simulation 
in programs such UniSim. Such simulation is useful in order to use the data 
obtained in the laboratory and move them up to industrial scale. In ILs field, this 
is one of most major objective, in order to reduce costs in processes where ILs 
are involved. 
Critical properties and some geometric parameters are used in order to simulate 
IL behaviour.  To analyse the results obtained, excess molar properties are 
represented as functions of IL concentration and compared to experimental 
results. 
Concerning the representation of excess molar volume, each mixture 
represented fits at least qualitatively, in a certain range of concentrations, the 
experimental data. While [bmim][BF4] with water mixture presents a positive 
excess molar volume behaviour, [bmim][PF6] with ethyl acetate and 
[emim][EtSO4] with ethanol present a negative excess molar volume behaviour. 
However, concerning excess molar enthalpy and entropy, representing these 
properties properly was found not possible with the data introduced.  
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1. Introduction 
1.1. Ionic Liquids 
The terms room-temperature ionic liquid, nonaqueous ionic liquid, fused salt, 
liquid organic salt, and molten salt have all been used to describe salts in the 
liquid phase whose melting points are lower than 100ºC (at atmospheric 
pressure). To simplify the nomenclature, they are nowadays called ionic liquids1 
(ILs). They consist exclusively of ions (cations and anions). These structures 
allow them to be ionic conductors. The reason why these salts have a low 
melting point is mainly the structure of the cation, which consist of a larger 
asymmetrical organic structure combined with small inorganic anions. The 
asymmetry lowers the lattice energy and, consequently, the melting point. 
Moreover, they have favourable physical properties compared to organic 
molecular solvents, such as negligible vapour pressure (negligible volatility), 
wide range of liquid existence, wide ranges of solubility and miscibility with 
conventional solvents and non-flammability. The lack of measurable vapour 
pressure at temperatures up to their thermal decomposition temperatures arises 
from the strong coulombic interactions between the ions in the liquids. Although 
it is possible to distil certain ionic liquids at high temperature and low pressure , 
most of these decompose before evaporating. 
As a consequence, ILs can contribute significantly to the development of green 
chemistry. They can replace organic solvents, reduce the chemical wastage 
and improve the safety of processes and products. This especially applies as 
long as the production of the IL itself is not considered2. These characteristics 
and advantages allow a large number of applications in different chemical fields 
and, as a result, they are used not only as solvents in chemical reactions but 
also in separation operations and electrochemistry. 
Another important aspect is the high number of cations and anions that can be 
combined in the synthesis of ILs. The individual combination determines the 
properties of the liquid and hence the properties can be tuned to have an 
optimized IL for a specific application. 
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However, in practical applications ILs are mixed with other substances. This 
results in modified properties due to interactions at molecular level. Therefore, 
there is a need for studying the properties of IL/solvent mixtures. 
1.2. Statement of the Problem 
Although nowadays lots of thermodynamical and structural IL data are 
available, they have not been used at industrial scale because most of these 
values cannot be represented in simulation programs, which are useful on a 
large scale. In other words, while large number of theoretical simulations has 
been carried out by different research groups, few results are able to be put into 
practice. 
Thus, the main objective in this work is to find, among all the available 
information, those information needed to simulate the behaviour of IL/solvent 
mixtures in a simulator program that can be utilised on a large scale. 
1.3. Objectives 
The aim of this research is to calculate the behaviour of some ionic liquids using 
UniSim and to compare the results with data from the literature including both 
experimental and simulated data. 
Initially, the study of the behaviour of ionic liquids includes the study of IL 
thermodynamic treatment and their mixtures with co-solvents. This 
thermodynamic treatment includes equations of state, activity models and 
generalised correlations, among others. 
Secondly, to get familiar with the theoretical idea behind the thermodynamic 
models and the parameters employed, a literature review about these has to be 
done. Among the few activity models available to describe IL behaviour, the 
most appropriate has to be chosen. 
After studying and understanding the above models, useful experimental data of 
some ionic liquids for model validation, such as density and excess properties, 
has to be collected in order to be introduced to UniSim. Moreover, some 
simulated data, such as critical data and interaction parameters has to be 
found. 
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Once all data needed is collected and simulation experiments are carried out, 
results obtained with the thermodynamic model for each mixture have to be 
compared with experimental data in order to determine their validity. Apart from 
determining the validity of the model, a justification on why the program works 
depending on the mixture and on the composition is expected. 
To carry out this comparison, properties such as excess molar volume have to 
be compared. On the contrary, properties such as excess molar enthalpy and 
excess molar entropy will not be compared because there are not energy data 
available. 
Finally, it is concluded under which conditions the model represents accurately 
ionic liquid behaviour and, moreover, for which applications it is useful. 
 
2. Thermophysical Properties of Ionic Liquids 
2.1. Present Situation 
Due to the large number of new applications that ILs provide, they have 
become, in recent years, a major focus of study both at laboratory and industrial 
scale. These innovative properties, such as negligible volatility or non-
flammability, make them suitable candidates for the replacement of 
conventional liquids in many cases, especially regarding the environment with 
respect to regional and international regulations. 
Among the large number of research areas involving ILs, one of the most 
remarkable ﬁelds is the measurement of their physical properties in order to 
decide if the use of them could be extended from the laboratory level to 
industrial applications. 
The knowledge of the most relevant IL thermophysical properties such as heat 
capacity, viscosity and density allows for the development of not only reliable 
but also economical process design for large-scale applications. 
For all these reasons, the number of research groups doing measurements has 
increased in these recent years and, consequently, the number of publications 
related to thermophysical properties of IL has increased, as well3. In order to 
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analyse the present situation of the available data or mixed ionic liquids, the 
IUPAC IL database (IL thermo) had been created. Values of different 
experimental properties can be found there. The experimental data used in this 
work has been extracted from this database4. 
2.2. IL Properties 
As mentioned, some of the most important physic-chemical properties of IL are 
listed in the following. 
 Heat Capacity at constant Pressure 
 Glass transition temperature (K): temperature at which an amorphous solid 
becomes soft upon heating or brittle upon cooling. 
 Refractive Index (-) 
 Speed of sound (m/s) 
 Thermal Conductivity (W/(m K)) 
 Viscosity (Pa·s) 
 Molar volume (m3/kmol) 
 Specific density (kg/m3) 
These IL properties are different from molecular solvents properties. These 
differences enable them to be used in other applications. 
Firstly, ILs have far higher thermal stability and liquid ranges than molecular 
solvents. Liquid range can be defined as temperature range between melting 
point or glass transition temperature and boiling point or thermal decomposition 
temperature 
Secondly, the wide variety of IL results in a huge disparity in melting points. 
They vary depending on different characteristics, such as size or symmetry of 
the cation. As refers to the size, when the ion (cation or anion) increases, it 
tends to decrease. Regarding the symmetry, the melting point increases if 
symmetry does due to more efficient ion compaction. 
Finally, one of most important characteristic of IL is their negligible vapour 
pressure. Accordingly, they cannot augment air pollution or health diseases 
because they generally do not evaporate in reaction vessels5. 
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2.3. Thermodynamic Data 
This project aims to collect, from the large amount of thermodynamic data 
available, the data needed in order to reproduce a reliable thermodynamic 
behaviour of some mixtures of ionic liquids. The study of the behaviour of these 
ionic liquids is performed by the simulation with UniSim program and, 
consequently, not only properly data, but also a properly thermodynamic model 
are required; similarly, data required by UniSim includes both critical data and 
geometrical parameters. 
Regarding thermodynamic model, the one which represents the behaviour of IL 
more accurately should be chosen. 
The thermodynamic model chosen and the data needed by UniSim are 
explained in the following sections. 
 
3. Thermodynamic Models 
In order to be able to describe the phase behaviour of mixtures of ILs with 
various solvents from their thermophysical and volumetric properties, various 
empirical methods or (statistical) thermodynamic models have been suggested. 
Depending on the effects studied (Liquid Liquid Equilibrium (LLE), Vapour 
Liquid Equilibrium (VLE) or both), a particular model is used. 
On the one hand, in order to correlate LLE in mixtures of ionic liquids, empirical 
or semi empirical thermodynamic models are mainly employed6. The two most 
common models are Universal Quasi-Chemical (UNIQUAC) and Non-Random 
Two-Liquid (NRTL). 
On the other hand, to correlate VLE systems, more sophisticated equation-of-
state models, such as Statistical Associating Fluid Theory (SAFT) models, are 
utilised6. To correlate the mixtures of ILs with water or alcohol, the COSMO-RS 
model is used7. 
Although the fact of considering IL as electrolytes is a good approach, taking 
into account the physicochemical, electrolyte-equation-of-state models have not 
already been applied6. 
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In table 1, a summary of different models and their applications is shown. 
Table 1. Summary of Applications of Different Thermodynamic Models 
MODEL UNIQUAC NRTL SAFT Electrolyte 
GC-
EoS 
COSMO-
RS 
BEHAVIOUR LLE LLE VLE 
Not 
developed 
High 
P 
VLE- LLE 
(water or 
alcohol) 
 
In summary, there exist lots of thermodynamic models to describe the 
thermodynamic behaviour of solids, liquids and gases. The choice of the most 
suitable model to represent the behaviour of ILs and their mixtures with other 
solvents, among all the thermodynamic models available by UniSim, is one of 
main objectives of this work. Moreover, the data needed by the program depend 
on the model chosen. 
3.1. Model Choice 
In order to select the most suitable thermodynamic model, an understanding of 
the UniSim thermodynamic packages is needed. 
Table 2 gives an overview of different UniSim thermodynamic packages. 
Table 2. UniSim Thermodynamic Packages 
Group packages Methods 
EOSs (Equations of 
State) 
GCEOS, Peng-Robinson, PRSV, SRK, Kabadi Danner, 
Sour PR, Lee-Kesler Plocker, Sour SRK, Zudkevitch 
Joffee, MBWR 
Activity Models 
Chien Null, NRTL, Extended NRTL, Reduced NRTL, 
Margules, UNIQUAC, Van Laar, Wilson 
Chao Seader Models Chao Seader, Grayson Streed 
Vapour Pressure 
Models 
Antoine, Braun K10, Esso Tabular 
Miscellaneous Types Amine Pkg, ASME Steam, NBS Steam, OLI_Electrolyte 
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To study the pure IL and their mixtures with solvents, the ideal model to 
reproduce their behaviour is an Activity Model6. 
The common activity models implemented in UniSim and their basis are 
summarized in table 3. 
Table 3. Activity Model Models Depending on the Basis 
Basis Examples 
Completely empirical Margules, Van Laar 
Local composition concept Wilson, NRTL 
Theoretical UNIQUAC 
Group contribution concept ASOG, UNIFAC 
 
All the equations employed in all models mentioned above are semiempirical, 
regardless of the basis of their development. 
The model chosen to describe the LLE is UNIQUAC which is an extension of 
the quasi-chemical theory from Guggenhein for non-random mixtures containing 
components of different size8, making it appropriate for this study. Moreover, 
the availability of data of r and q parameters and Interaction coefficients allows 
the simulation by means of UniSim. 
Among all thermodynamic models used to represent the behaviour of IL with 
cosolvents, UNIQUAC is the most applied. Therefore, this package is selected 
to describe LLE in these IL/cosolvent mixtures. 
3.2. UNIQUAC Model for the Excess Gibbs Energy 
To understand entirely the model, the equations governing the UNIQUAC model 
are written below. The UNIQUAC model for the excess Gibbs energy, gE, 
consists of a combinatorial and a residual contribution9. 
  
  
 (
     
 
  
)  (
    
 
  
)    (1) 
The first one, also called entropic contribution, accounts for the molecule size 
and shape effects, and the second one, also called enthalpic contribution, 
accounts for the energy interaction effects. 
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The parameters r, q and q‘ are molecular structure parameters of the pure 
component and they represent the volume and the surface area. For most of 
substances, q = q‘, except for water and some small alcohols. The coordination 
number, z, is fixed as 10, and for any component i, the activity coefficient is 
given by 
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For each binary mixture there are two adjustable parameters, τij and τji, which 
are given by 
       ( 
    
  
)     ( 
   
 
)  (7.1) 
       ( 
    
  
)     ( 
   
 
)  (7.2) 
Here, uij and uji are characteristic parameters of the energy of the i–j 
interactions, and are weakly dependents of temperature. 
3.2.1. Parameter Estimation 
The estimation of the interaction parameters Δuij and Δuji was performed using 
the Fortran code TML-LLE 2.010. The procedure is based on the Simplex 
method11, and consists in the minimization of a concentration-based objective 
function, S: 
17 
 
  ∑ ∑ ∑ {(    
          
      )
 
 (    
           
       )
 
}    
 
 
 
    (8) 
Here, D is the number of data sets, N and M are the number of components and 
tie-lines in each data set; the superscripts I and II refer to the two liquid phases 
in equilibrium, while the superscripts ‗exp‘ and ‗calc‘ refer to the experimental 
and calculated values of the liquid phase concentration. 
With the parameters estimated by the procedure above, comparisons between 
the experimental and calculated composition of each component of two phases 
were made through root mean square (rms) deviation, given by 
      √
∑ ∑ (    
     
     
      )
 
 (    
      
     
       )
 
   
 
 
 
   
   (9) 
 
4. Input Data 
To calculate data using the thermodynamic model, a set of input data for the 
molecules of interest is required. The UNIQUAC model does not only need 
critical properties but also geometric parameters. 
Regarding critical properties, the parameters for ILs are not included in the 
software of package as it is for common substances and they are rare in the 
literature because are not easily accessible. Most ILs start to decompose at 
elevated temperatures and in many cases already at temperatures below the 
normal boiling point12. Therefore, many thermophysical properties cannot be 
measured at all. 
Due to these disadvantages, the estimated critical properties used are useful 
approximations that must be interpreted as ―these would be the values of TC, 
PC, VC, Tb and ω, if the properties were possible to be measured.‖
13 
Since experimental data do not exist and there is no reasonable and generally 
accepted theory yet available to calculate these properties for ionic liquids, the 
group contribution method presented by Valderrama and Robles14 that was 
revised15 is considered to give reasonable estimates. Consequently, these data 
is introduced to UniSim trying to reproduce IL behaviour. 
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To test the accuracy and consistency of the method used, due to lack of 
experimental critical properties to evaluate the accuracy of the estimates, data 
obtained are used by determining the density of the IL, for which experimental 
data are available. 
4.1. Critical Data 
The method used in this work to calculate the input critical data is called 
Modified Lydersen-Jobac-Reid method. It unifies the best characteristics of two 
of the most used and simplest techniques of Lydersen16, and Joback and 
Reid17. 
A group contribution method is applied to determine the critical properties (Tc, 
Pc and Vc), the normal boiling point temperature (Tb), the critical compressibility 
factor (Zc), the density (ρ) and the acentric factor (ω) of ionic liquids
13, 14. 
Although the data required by UniSim do not include the critical compressibility 
factor values (Z), this method allows calculating them. 
In table 4 the equations used in the Modified Group Contribution Method are 
shown. Moreover, groups considered in the Modified Lydersen-Joback-Reid 
method and their corresponding values are indicated in table 4. Both tables are 
taken from the article referenced by15. 
Table 4. Modified Group Contribution Method (M is in g/mol, Tb and Tc are in K, 
Pc is in bar and Vc is in (cm
3/mol)) 
 Model Equation Constant 
The method 
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Critical compressibility 
factor 
   
    
   
 
         
 
Acentric factor 
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Table 5. Groups Considered in the Modified Lydersen-Jobarck-Reid Method for 
Ionic Liquids 
 
 
20 
 
Just as the previous case, critical data values used in this project has been 
taken from the article referenced by15. 
4.2. Geometric and Interaction Data 
Other type of data needed to simulate the behaviour of IL, such as geometric 
and interaction data, has been obtained from article referenced by18 where the 
Restricted Hartree Fock (RHF) method with 3-21G* basis set had been used for 
a first estimative of the equilibrium geometry and these results had been 
optimised with the Density Functional Theory (DFT). 
To determine geometric data, such as molecular surfaces and volumes, the 
Polarizable Continuum Model had been used18, 19. 
 
5. Liquid Systems under Investigation 
5.1. Ionic Liquids 
Critical data, geometric and interaction parameters are required to simulate the 
thermodynamic behaviour of ILs.  The selection of ionic liquids studied has 
been based on the availability of date required for simulation and the data 
available for validation purposes. 
Three different ILs are studied. Two of them contain [bmim] cation and are 
called 1-butyl-3-methylimidazolium tetrafluoroborate and 1-butyl-3-
methylimidazolium hexafluorophosphate. The last one, which contains [emim] 
cation is called 1-ethyl-3-methylimidazolium ethyl sulphate. 
All data showed in tables in this section (Liquid Systems under Investigation) 
are adapted from IL thermodynamical database referenced by4. 
5.1.1. [bmim][BF4] 
Some remarkable properties of 1-butyl-3-methylimidazolium tetrafluoroborate 
are explained below. 
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Properties 
Table 6. Main Properties of [bmim][BF4] 
Formula Molecular weight Name 
C8H15BF4N2 226.03 
1-butyl-3-methylimidazolium 
tetrafluoroborate; 1-n-butyl-3-
methylimidazolium tetrafluoroborate; 
Glass transition temperature (K) 176.1 
Heat Capacity at constant Pressure(J/(mol K) 364.71 (298.15 K) 
Refractive Index (-)  1.42 (298.15K) 
Specific density (kg/m3)  1120 (298.15 K) 
Speed of sound (m/s) 1570.23 (100 kPa, 293.15 K) 
Thermal conductivity (W/(m K)) 0.186 (300 K) 
Viscosity (Pa·s)  0.154 (293.15 K) 
 
Ionic pair constituting this IL is shown in table 7. 
Table 7. Main Properties of Ion Pair Constituting [bmim][BF4] 
Formula 
Ionic 
charge 
Ionic name Ionic structure 
BF4 -1 Tetrafluoroborate 
 
C8H15N2 1 
1-butyl-3-
methylimidazolium 
 
 
Applications 
High number of IL existing results in a high number of applications in very 
different fields; from its use as a solvent, in nuclear chemistry, electrochemistry 
and even, in catalysis processes. As a consequence, study and development of 
IL have vital importance in engineering, in biotechnology and in chemistry20. 
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[bmim][BF4] is used in many different fields, for example, in chromatography, 
chemical synthesis, enzyme media or biological catalyst. 
Below, some [bmim][BF4] applications related to copper electrodeposition and 
extraction (chromatography) processes are described20. 
IL and Metal Ions. Applications in Metal Recovery: Electrodeposition (copper) 
In aqueous electrolytes, a number of additives are required to achieve 
reasonably smooth deposits in commercial cells. Carrying out the process with 
the appropriate concentration of [bmim][BF4] in water, a significant improvement 
in deposition smoothness can be observed. 
Apart from its use in copper electrodeposition, this IL can be also used as 
leaching agent in copper recovery20. 
IL Extractions of Organic-/bio-/biofuel Molecules. 
[bmim][BF4] is also used in extractions of organic molecules, such as C4–8 
diolefin (ie. butadiene) from C1–18 paraffins21. 
5.1.2. [bmim][PF6] 
To provide an overview of this IL, main properties of 1-butyl-3-
methylimidazolium hexafluorophosphate are showed. 
Properties 
Table 8. Main Properties of [bmim][PF6] 
Formula Molecular weight Name 
C8H15F6N2P 284.18 
1-butyl-3-methylimidazolium 
hexafluorophosphate; 1-n-butyl-3-
methylimidazolium hexafluorophosphate; 
Glass transition temperature (K) 193.1 
Heat Capacity at constant Pressure(J/(mol K) 397.6 (298.15 K) 
Refractive Index (-)  1.41 (298.15 K) 
Specific density (kg/m3)  1360 (298.15 K) 
Speed of sound (m/s) 1432.85 (100 kPa, 293.15 K) 
Thermal conductivity (W/(m K)) 0.145 (303 K) 
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Viscosity (Pa·s)  0.450 (298.15K) 
 
Ionic pair constituting this IL is shown in table 9. 
Table 9. Main Properties of Ion Pair Constituting [bmim][PF6] 
Formula 
Ionic 
charge 
Ionic name Ionic structure 
PF6 -1 Hexafluorophosphate 
 
C8H15N2 1 
1-butyl-3-
methylimidazolium 
 
 
Applications 
Below, some [bmim][PF6] applications related to catalysis and electrochemistry 
are described20. 
Chymotrypsin-Catalized Transesterification in IL 
[bmim][PF6] together with [omim][PF6] are used as a solvent in chymotrypsin-
Catalised Transesterification in IL. CO2 is used in order to modify the solvent 
(IL) structure and, consequently, optimize the catalysis activity. 
Nuclear Chemistry and Electrochemistry: Superoxide Ion Electrochemistry in 
Ionic Liquids 
Superoxide ion can be generated electrochemically in room-temperature IL 
solvents. Few years ago, volatile solvents were used in this procedure; as a 
consequence, they produce significant pollution problems. However, the 
characteristic of non-volatile IL minimizes the problems of solvent waste, 
improving these systems with regard to environmental questions. 
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5.1.3. [emim][EtSO4] 
Most relevant properties of 1-ethyl-3-methylimidazolium ethyl sulphate are listed 
below. 
Properties 
Table 10. Main Properties of [emim][EtSO4] 
Formula Molecular weight Name 
C8H16N2O4S 236.29 1-ethyl-3-methylimidazolium ethyl sulphate; 
Glass transition temperature (K) 192.9 
Heat Capacity at constant Pressure(J/(mol K) 378.0 (298.15 K) 
Refractive Index (-)  1.48 (298.15 K) 
Specific density (kg/m3)  1242.3 (298.15 K) 
Speed of sound (m/s) 1691.4 (1 atm, 293.15 K) 
Thermal conductivity (W/(m K)) 0.181 (303 K) 
Viscosity (Pa·s)  0.098 (298.15 K) 
 
Ionic pair constituting this IL is shown in table 11. 
Table 11. Main Properties of Ion Pair Constituting [emim][EtSO4] 
Formula Ionic charge Ionic name Ionic structure 
C2H5O4S -1 Ethyl sulphate 
 
C6H11N2 1 
1-ethyl-3-
methylimidazolium 
 
 
Applications 
This IL has interesting properties, such as high dielectric constant and relatively 
large electrochemical scope which provides it interesting application fields. For 
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instance, it is useful as a reaction medium, as solvents for liquid extractions, as 
gas absorbers and others22. 
Catalysis Processes 
Michael addition of malonodinitrile to chalcone was studied not only in organic 
solvents, but also in some common IL. Kinetic studies demonstrate that reaction 
in IL occurs faster than in molecular solvents. One of most common IL solvent is 
[emim][EtSO4], which acts as a basic catalyst
23. 
Separation Processes 
Separation of tert-amyl ethyl ether and ethanol using [emim] [EtSO4] instead of 
organic solvents has carried out obtaining better results in these extraction 
processes22. 
Other relevant processes, like aromatics extraction24, fuel desulfurization25 and 
gasoline octane boosters purification26, among others use IL to improve 
conventional methods. 
5.2. Cosolvents 
Depending on the parameters available, one solvent has been selected for each 
IL. Water, ethyl acetate and ethanol are the solvents used in this work. The 
most relevant properties of each are detailed in the following. 
Water is a strong polar solvent and it has a high surface tension caused by the 
strong cohesion between water molecules. It is not only a hydrogen bond 
acceptor but also a donor owing to its structure. 
Ethyl acetate is a moderately polar solvent, volatile, relatively non-toxic, and 
non-hygroscopic. It is a weak hydrogen bond acceptor and is not a donor due to 
the lack of an acidic proton. 
Ethanol is a polar solvent, volatile and flammable. Its hydroxyl group is able to 
participate in hydrogen bonding. 
5.3. Mixture Systems 
Table 12 shows the mixtures studied. 
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Table 12. IL and Solvents Studied 
IL Solvent 
Concentration 
range 
Pressure 
(atm) 
Temperature (K) 
[bmim][BF4] water 0-1 1 303, 308, 315, 353 
[bmim][PF6] 
ethyl 
acetate 
0-1 1 293, 298, 303 
[emim][EtSO4] ethanol 0-1 1 293, 298, 303 
 
The choice of these mixtures has been based on critical, geometrical and 
interaction data available. 
5.4. Critical IL Data 
Critical data for IL used in this work, which are taken from the articles 
referenced by13, 14, 15 is shown in table 13. 
Table 13. Critical Parameters, ω, NBP and MW for Imidazoline IL Groups. 
global formula Tb (K) Tc (K) Pc (bar) Vc (cm3/mol) ω 
C8H15N2BF4 495.2 643.2 20.4 655.0 0.8877 
C8H15N2PF6 544.6 719.4 17.3 762.5 0.7917 
C8H16N2SO4 712.7 1067.5 40.5 659.8 0.3744 
global formula M (g/mol) T (K) ρ lit (g/cm3) ρ cal (g/cm3) 
 
C8H15N2BF4 226 298.15 1.208 1.1398 
C8H15N2PF6 284.2 313.15 1.346 1.276 
C8H16N2SO4 236.3 313.15 1.225 1.1476 
 
5.5. Geometrical IL Parameters 
Among the geometric data available, those that have been used in this project 
are shown in table 14. 
Table 14. UNIQUAC Volume and Surface Area Structural Parameters for Ionic 
Liquids 
Ionic liquid V(Å3) A(Å2) r q 
[bmim][BF4] 198.014 255.963 7.8618 6.167 
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[bmim][PF6] 213.095 282.575 8.4606 6.808 
[emim][EtSO4] 211.386 275.035 8.3927 6.626 
 
Using these r and q parameters, UNIQUAC interaction parameters between 
these ionic liquids and some solvents had been calculated. They are shown in 
table 15. 
Table 15. UNIQUAC Interaction Parameters 
i j aij (K) aji (K) 
Water [bmim][BF4] -313.14 836.20 
Ethyl acetate [bmim][PF6] -43.226 1.0120 
Ethanol [emim][EtSO4] -295.72 -207.23 
 
Values shown in tables 14 and 15 are taken from articles referenced by 18, 19. 
 
6. 3D Structures of IL 
As has been discussed throughout this work, the need to represent the 
thermodynamic behaviour of some IL in order to understand physicochemical 
processes has motivated many studies on the structure and solvation 
mechanisms27. 
The three mixtures studied contain the imidazolium cation. It is composed of 
two parts: a polar head and an apolar tail. 
6.1. General Behaviour of Imidazolium Cation 
On the one hand, the alkyl chains (apolar tail) tend to aggregate when they 
exceed some critical length, just as other amphiphilic systems do.  On the other 
hand, interactions, such as interactions between different ions or hydrogen 
bonds act against the first ones28. 
A considerable number of experiments such as X-ray scattering, IR and Raman 
spectroscopy, among others, have been carried out in order to confirm the 
molecular organization in these systems. 
28 
 
Next, main properties, such as molecular weight or ion constituting, as shown 
for each ionic liquid studied. 
6.2. [bmim][BF4] 
Several studies have been carried out in order to represent the 3D conformation 
of [bmim][BF4]. 
The first one mentioned in this work, which is explained below, has been carried 
out realising infrared (IR), Raman spectroscopy, and ab initio experiments29. 
 
 
Figure 1. 3D Structure of [bmim][BF4] taken from
18 
Figures 2 and 3 and values from tables 17 and 18 are taken from work carried 
out referenced by29. 
Those experiments demonstrate the coexistence of, at least, four cation 
conformers at room temperature. Cation ring remains rigid so, the different 
conformers are, basically, owing to butyl chain changes. Two most stable 
conformers are shown, with their anion, in the following figures. 
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Figure 2. Optimized Geometry Closed Pair Model 
In figure 2 a closed pair model with shortest F···H distances is shown. To 
summarise, in table 16 these interactions are schematically tabulated. 
Table 16. Values of H-bonding Distances in Closed Pair Model 
Atoms F29 –H11 F28 –H15 F29 –H19 F30 –H11 
H-bond distances (Å) 1.95 2.08 2.37 2.54 
 
 
Figure 3. Optimized Geometry Opened Pair Model 
In figure 3 an opened pair model is shown. To summarize, in table 17 hydrogen 
bond distances are tabulated. 
Table 17. Values of H-bonding Distances in Opened Pair Model 
Atoms F27 –H11 F29 –H17 F29 –H11 F27 –H15 
H-bond distances (Å) 2.01 2.27 2.38 2.45 
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The second one mentioned in this work has been carried out based on Raman 
and infrared spectra which had been reported and analysed using DFT and 
RHF methods realizing at the 6-311+G(2d,p) computational level30. 
That method presents three stable conformers, which are shown in figure 4. 
Moreover, main interactions and shortest distance between anion and cation 
atoms are tabulated in table 18. Both, figure 4 and table 18 are taken from work 
referenced by30. 
a b 
c 
Figure 4. Stable Conformers (a, b, c) of [bmim][BF4] 
Table 18. Values of H-bonding Distances of Three Stable conformers 
Atoms (a) F17-H12 F17-H8 F16-H8 F16-H21 F18-H8 F18-H25 
H-bond 
distances (Å) 
2.241 2.064 2.609 2.471 2.182 2.424 
Atoms (b) F17-H12 F17-H8 F16-H8 F16-H23 F18-H8 F18-H23 
H-bond 
distances (Å) 
2.329 1.973 2.645 2.379 2.279 2.379 
Atoms (c) F16-H12 F15-H12 F15-H8 F17-H8 F17-H29 
 H-bond 
distances (Å) 
2.277 2.841 2.576 2.221 2.248 
 
6.3. [bmim][PF6] 
Just as in the previous IL, several studies have been also carried out in order to 
represent the 3D conformation of [bmim][PF6]
31. As in previous case, two 
different results are shown. 
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Figure 5. 3D Structure of [bmim][PF6] taken from
18 
The first one has been carried out is based on Ab initio molecular dynamics 
(AIMD)31 and the second one has been carried out based on Raman and 
infrared spectra which had been reported and analysed using DFT and RHF 
methods realizing at the 6-311+G(2d,p) computational level32. 
Both show interactions between different ions constituting the IL molecule. 
While figure 6 is taken from work referenced by31, figure 7 and table 20 are 
taken from article referenced by32. 
 
 
Figure 6. Optimized Geometry of Pure [bmim][PF6] 
A snapshot from the AIMD simulation of part of the pure [bmim][PF6] system 
showing the hydrogen bond between H(C3) and fluorine of the anion is shown 
in figure 6. 
The second one, apart from spatial conformation (figure 7), shortest distances 
between [bmim][PF6] ions are calculated (table 19). 
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Figure 7. Optimized Geometry of Pure [bmim][PF6] 
Table 19. Values of H-bonding Distances 
Atoms F2 –H25 F2 –H18 F1 –H18 F5-H18 
H-bond distances (Å) 2.286 2.089 2.509 2.121 
Atoms F5-H22 F1-H26 F5-H26  
H-bond distances (Å) 2.450 2.493 2.700  
 
6.4.  [emim][EtSO4] 
Some simulations trying to represent relative positions between anion and 
cation have been carried out33. 
 
 
 
Figure 8. 3D Structure of [emim][EtSO4] taken from
19 
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Optimized geometries of different conformers of the 1-ethyl-3-
methylimidazolium ethyl sulphate ion pair are shown in figure 9 (taken from 
article referenced by33). 
 
 
 
Figure 9. Optimized Geometries of Different Conformers of the 1-ethyl-3-
methylimidazolium ethyl sulphate Ion Pair 
Resuming, that theory predicts that the ion pairs is characterized by several 
interionic C-H···O hydrogen bonds, some of which exhibit bifurcated 
interactions. Distances of H-bonding of three conformers are shown in table 20 
(taken from33). 
Table 20. Values of H-bonding Distances of Three Stable Conformers 
Atoms (a) O21-H9 O21-H14 O22-H9 O22-H15 O22-H19 
H-bond distances (Å) 1.920 2.285 2.183 2.396 2.658 
Atoms (b) O21-H10 O21-H11 O22-H11 O22-H17 
 
H-bond distances (Å) 2.427 2.432 1.832 2.495 
Atoms (c) O21-H10 O22-H10 O22-H11 
 
H-bond distances (Å) 1.824 2.653 2.168 
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7. Theoretical Structure of Mixtures of IL with Solvents 
7.1. [bmim][BF4] with Water 
Some studies were carried out on the model system [bmim][BF4] neat and with 
variable amounts of water34. 
 
 
 
Figure 10. [bmim][BF4] structure. Taken from
35 
Depends on the experiment performed, different information has been obtained. 
The most important effects are summarized below. 
 Significant cation-cation aggregation 
 C-H···F hydrogen bonds cause ion pairing 
 Water acts as hydrogenbond competitor: C-H···F, so the cation-cation 
interactions are progressively replaced. 
Depending on the molar fraction of water, there are two distinct hydration 
regimes. 
Low water contents 
A selective solvation occurs at low water contents. Water molecules act as 
hydrogenbond competitor; as a result, ions are selectively coordinated by 
isolated (not self-aggregated) molecules of water to the basic anion via H-
bonding.  Water molecules disturb the supramolecular structural organization, 
changing the conformation of alkyl chain (making H-bonds with the anions) and, 
as a consequence, displacing the anion position. However, the ionic network is 
slightly perturbed compared with the network of the neat IL34, 36, 37. 
High water contents 
A nonselective interaction occurs at higher molar fraction of water. Up to certain 
concentrations, water molecules cause IL dissociation into the constituent ions. 
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If the concentration of water increases, ions begin to undergo a mutual 
attraction and, if it further increases, water molecules are grouped together 
forming clusters (without hydrogen bond network among themselves) and 
causing a ―swelling‖ effect. In this case, the insertion of these clusters perturbs 
the ionic liquid network in a nonspecific way37. 
In figure 11 the proposed model is shown. It is taken from the work referenced 
by35. As it can be seen, when the mixture is rich in water, there are several 
interactions between water-anion, water-cation and water-water but only few 
interactions between IL-IL. 
However, when the mixture is rich in [bmim][BF4] there are some cations and 
anions interacting between them (with low mobility O) and others with few 
interactions between them (with high mobility O)35. 
 
Figure 11. Proposed model for an aqueous solution of [bmim][BF4] 
7.2. [bmim][PF6] with Ethyl acetate 
As has been suggested in recent experiments38, the anions and cations of ionic 
liquids form a strong network (owing to Coulombic interactions) with the 
interstices available in the fluid. 
Small quantities of certain cosolvents, ethyl acetate in this case, can fit into the 
interstices, so the network remains unperturbed39. 
It has been shown in certain molecular dynamics simulations40 that the non-
hydrogen bonding polar solutes interact much more strongly with the 
imidazolium ring by ion-dipole interactions.  
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Furthermore, as some experimental data shown38, if this mixture is compared 
with others ([bmim][PF6] + other organic components), it  presents slightly larger 
absolute values of excess molar volume. It can be reasoned as follow: the ion-
dipole interactions between the cation and ethyl acetate are stronger than other 
molecular solvents. 
7.3. [emim][EtSO4] with Ethanol 
[emim][EtSO4] and ethanol mixtures exhibit negative deviations from ideal 
behaviour over the entire composition range. 
Mixtures of [emim][EtSO4] with other alcohols can present positive excess molar 
volume is due to that H-bonds are disrupted. However, in this case, negative 
excess molar volume in all compositions is due to specific interactions between 
IL and ethanol in all ranges. 
Another effect which makes negative contributions is called free volume effect. 
It depends on differences in the characteristic pressures and temperatures of 
the components. 
Moreover, interstitial accommodation and the effect of the condensation give 
further negative contributions41. 
 
8. Simulation 
After selecting the thermodynamic package, the IL must be created as a 
hypothetical component. Once IL has been created, in order to represent the 
properties to study, ―simulation environment‖ has been used to represent two 
streams mixing. 
Although UniSim allows obtaining more accurate results (values of properties) if 
the component structure is supplied, it does not allow building IL structure 
because it does not include cation IL groups, as imidazoline, needed for the 
construction of these compounds. 
8.1. Hypothetical Component 
The steps needed to create a hypothetical component are described in the 
following. 
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Among the different component classes offered by UniSim, the ―salts‖ class is 
chosen because an IL can be considered as salt, in other words, they are 
formed by anions and cations. 
8.1.1. Base Properties 
Critical properties, among others, like Tc, Vc, Pc, NBP, MW, ω and liquid density 
have to be introduced. As it has been explained in detail in the corresponding 
section (Input Data), data used for ionic liquids simulation are extracted from the 
revised group contribution method. 
Apart from these data, geometric and interaction parameters, explained in detail 
in corresponding section as well, has to be introduced. These parameters 
include r and q geometrical parameters and interaction parameters, such as aij 
and aji. 
Differences Between UniSim Method and DFT-PCM Data 
UniSim Activity Model Interaction Parameters use the equation (10), while DFT-
PCM data use the equation (11). In other words, the coefficients used in UniSim 
have cal/mol as units while the DFT-PCM data have units of K. 
       ( 
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Thus, to be able to use DFT-PCM data, these values have to be multiplied by 
R=1.98cal/mol K. 
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Activity Model Interaction Parameters with both units explained have been 
shown in table 16. 
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Table 21.  Activity Model Interaction Parameters 
i j aij (K) aji (K) 
aij 
(cal/mole) 
aji 
(cal/mole) 
Water [bmim][BF4] -313.14 836.20 -620.02 1655.68 
Ethyl acetate [bmim][PF6] -43.226 1.0120 -85.59 20.04 
Ethanol [emim][EtSO4] -295.72 -207.23 -585.53 -410.32 
 
8.2. Solvent Components 
UniSim database includes several components. Three solvents studied are 
present in this database so, just selecting them, they are ready to be used. 
8.3. Property Calculations 
Some properties in UniSim require selection of an estimation method to be 
calculated. However, there exist others for which selecting the estimation 
method is not possible. Although the Estimation Method to calculate unknown 
properties can be specified for each property, default Estimation Methods is 
used on all cases. 
For instance, properties related to vapour pressure (the temperature range and 
Antoine Coefficients for the hypothetical components, with corresponding units) 
have been calculated by means of UniSim program 
8.4. Simulation Environment 
To represent properties studied in this work, the simulation environment of 
UniSim is used. 
For each given temperature and mixing, two flows (IL and cosolvent) have to be 
created. These flows should be mixed in a mixer and they should lead to a new 
output flow, where properties of interest have been measured. 
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Figure 12. Simulation Environment 
In order to study these properties, the Case study tool has been used. It allows 
measuring how output flow properties (dependent variables) vary depending on 
input flow variations (independent variables). 
In this case, input molar flows are independent variables, whereas dependent 
variable is molar volume of output flow. 
Having collected the necessary data, they are introduced to excel, in order to 
convert them into useful data for making the comparison, that is, to turn them 
into excess properties. 
To obtain excess properties, following equation has been used. 
  
    
    
  
  
    
   
  
  
   
    
         
                  (13) 
Finally, each mixture (under certain conditions of pressure and temperature) 
has been plotted as a function of IL molar fraction and it has been compared to 
experimental data from the literature. 
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9. Results and Discussion 
Three different mixtures have been simulated by the UniSim program, with the 
data mentioned in previous sections. Moreover, each mixture has been 
compared with various experimental results from different bibliographic sources 
in order to check the validity of the simulations. 
[bmim][BF4] + Water 
The results of excess molar volume of [bmim][BF4] with water mixture obtained 
by UniSim has been studied and compared with experimental density data42.  
 
Figure 13. Experimental and simulated excess molar volume in [bmim][BF4] and 
water 
As shown in figure 13, the results obtained by simulation of the IL/water mixture 
agree qualitatively well with the experimental data at IL mole fractions above 
0.9. At 0.67 (2 molecules of IL per each water molecule) IL mole fraction the 
simulation shows an absolute maximum, while the experimental data has its 
maximum at 0.4 (roughly, one water molecule per ion). 
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It means that results reproduced by the UniSim program are qualitatively 
accurate in neat IL and mixtures with low water content. Small amounts of water 
seem to not significantly change the mixture properties in a nonideal way. To 
argue this behaviour, not only [bmim][BF4] structure but also water structure 
have to be analysed. In reference to IL, the anion structure study has to be 
emphasized. 
According to models explained, small additions of water do not cause significant 
variations in structure of mixture, comparing it with the pure IL structure. 
Owing to the fact that, in these conditions, structure is not significantly changed, 
the program is able to represent qualitatively the behaviour of the mixture 
volume. However, for higher water molar fractions, water molecules begin to 
form ―clusters‖, causing a significant alteration in the structure of the pure IL35. 
For that reason, the simulate volume differs from the experimental one. 
However, at low IL concentration, strong discrepancies between simulated and 
experimental behaviour can be observed. They indicate that IL has a strong 
effect on cosolvent behaviour. Just as in the high IL concentration regime, this 
case is consistent with theoretical models explained before37, which consider 
that, under these conditions, water molecules are grouped together forming 
clusters and causing a ―swelling‖ effect, deviating from ideal behaviour. 
Moreover, in both cases the excess molar volume showed positive values. 
Taking into account the structure of the anion, a couple of assumptions about 
this behaviour can be also concluded. 
Firstly, the symmetric structure of the BF4 can prevent from directed hydrogen 
bond formation. 
Secondly, the ions can be hydrated with water to form bulky clusters that cannot 
be packed as dense as the ions themselves. 
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Figure 14. Experimental excess molar volume in [bmim][BF4] and water at 
different temperatures 
Figure 14 shows that the excess molar volume follows the same trend in 
function of temperature. Moreover, the deviation from ideal mixing behaviour 
increases by increasing the temperature. 
This behaviour is totally reasonable considering the temperature concept. 
Temperature is a measurement of the average kinetic energy of the molecules, 
so if it increases, the number of collisions among molecules also increases, 
thus increasing the distance between them and, consequently, the mixture 
molar volume. 
A notable deviation of maximum excess volume point between high and low 
temperatures can also be seen in figure 14. While it seems that there are only 
minor changes (maybe within the measurement accuracy) in the lower 
temperature cases (all of them are around 0.4), in the high temperature case, 
the maximum is shifted (around 0.3). 
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Figure 15. Simulated excess molar volume in [bmim][BF4] and water at different 
temperatures 
In figure 15 is shown, as in the previous case (figure 14), the deviation from 
ideal mixing behaviour increases by increasing the temperature. Minor 
behaviour changes in lower temperature cases and a bigger change at high 
temperature can be observed. 
Whereas a shift in the sharp bend can also be observed between lower 
temperature cases and the high temperature case, it has minor position 
changes among lower temperature cases (all of them are around 0.2). 
[bmim][PF6] + Ethyl acetate 
The results of excess molar volume of [bmim][PF6] with ethyl acetate mixture 
obtained by UniSim has been studied and compared with density experimental 
values43. 
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Figure 16. Experimental and simulated excess molar volume in [bmim][PF6] and 
ethyl acetate 
Broadly, comparing representations in figure 16, negative values in almost the 
whole range of compositions are represented in both cases, indicating denser 
molecular packing than in pure liquids. 
The results obtained by simulation of the mixture of IL and ethyl sulphate are 
similar to experimental values, qualitatively, for low IL concentration. 
Specifically, molar IL fractions below 0.4 are represented correctly. 
As regards the quantitative comparison, experimental data show an order of 
magnitude higher than the simulated. 
Moreover, the position of the minimum in both cases is placed around 0.35 
mole IL/mole mixture. It can be affected by steric effects and the strength of 
interactions between molecules.  
It means that UniSim is able reproduce the behaviour of mixtures at low IL 
content, [bmim][PF6] in this case. To argue this behaviour, the structure of 
[bmim][PF6] has to be studied, especially the anion structure. 
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The symmetric structure of PF6, which is more bulky and the charge is 
distributed even more than in BF4, seems to induce steric dominant effects, so, 
it is possible that cosolvent occupies interstitial spaces. 
As has been suggested in recent experiments44, the anions and cations of ionic 
liquids form a strong network (owing to Coulombic interactions) with the 
interstices available in the fluid which remains unperturbed be the small 
quantities of certain cosolvents, especially the smallest ones,  as these can fit 
into the interstices45. 
Additionally, as has been shown in certain molecular dynamics simulations40, 
the non-hydrogen bonding polar solutes, interact much more strongly with the 
imidazolium ring by ion-dipole interactions.  
Thus, both effects mentioned above contribute to the negative values of molar 
excess volume. 
 
Figure 17. Experimental excess molar volume in [bmim][PF6] and ethyl acetate 
at different temperatures 
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In figure 17 the same trend in all cases (different temperatures) is shown. 
Moreover, the deviation from ideal mixing behaviour increases when 
temperature increases. 
This behaviour can be explained with some behaviour theories46. This is due to 
hydrogen bonding have certainly more temperature-dependence (becoming 
negligible at high temperatures) than Coulombic interactions. 
 
 
Figure 18.Simulated excess molar volume in [bmim][PF6] and ethyl acetate at 
different temperatures 
Looking at simulated data graphics (figure 18), as in the experimental case, the 
deviation from ideal mixing behaviour increases by increasing the temperature. 
However, this increase is significantly lower than in the experimental case. 
Thus, the program does not show much sensitivity to temperature variations. 
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[emim][EtSO4] + ethanol 
The results of excess molar volume of [emim][EtSO4] with ethanol mixture 
obtained by UniSim has been studied and compared with density experimental 
values47, 48. 
 
Figure 19. Experimental and simulated excess molar volume in [emim][EtSO4] 
and ethanol 
The results obtained by simulation of the mixture of IL and ethanol, represented 
in figure 19, shown that the simulation represents quite accurately, not only 
quantitatively, but also quantitatively, the experimental behaviour for low 
concentrations of IL. 
As it also can be seen, some differences exist between different experimental 
data. It proves that there are no absolute values of densities in different IL 
mixtures. These values depend on the method used and the conditions where 
the experiment has taken place. 
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Up to xIL =0.1, the simulated excess molar volume is placed between two 
experimental data. For higher concentrations it starts to deviate from 
experimental values, particularly, for IL molar fractions higher than 0.3. 
It means that, in this case, UniSim is able reproduce the behaviour of much 
diluted IL. Trying to explain this behaviour, the structure of [emim][EtSO4] has to 
be studied, especially the anion. 
In this case, as in the previous, the excess molar volumes showed negative 
values which indicates that the molecules are more compacted in the mixture 
than pure liquids. 
The position of the minimum is similar in three cases, which is placed around 
0.3 for experimental results and 0.25 for simulated results. In short, UniSim 
reproduce the behaviour of this mixture as long as the molar fraction of IL does 
not exceed 0.2. 
The graphs shown in figure 19 indicate that the mixtures of [emim][EtSO4] 
exhibit negative deviations from ideality over the entire composition range. This 
behaviour is due to the fact that there exist specific interactions between IL and 
ethanol in all compositions49. 
The minimum of molar excess volume is in xIL=0.3 approximately which means 
that hydrogen bonds interactions between IL and ethanol are stronger in small 
amount of IL. 
Another effect which makes negative contributions is called free volume effect. 
It depends on differences in the characteristic pressures and temperatures of 
the components. Moreover, interstitial accommodation and the effect of the 
condensation give further negative contributions. 
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Figure 20. Experimental excess molar volume in [emim][EtSO4] and ethanol at 
different temperatures 
As in figure 17, figure 20 shows the same trend in all cases for different 
temperatures. Moreover, the maximum increases when temperature increases. 
as explained in the previous case, the hydrogen bonds are more sensitive to 
temperature than Coulombic interactions, so, at high temperature Coulombic 
interactions are stronger than hydrogen bonds, which become negligible at high 
temperatures46. 
At xIL=0.9, for experimental data
47 there is a pointed increment of excess molar 
volume. This peculiar behaviour can be because of an inherent instrumental 
error or it can represents a mixture of behaviour that should be studied in detail. 
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Figure 21.Simulated excess molar volume in [emim][EtSO4] and ethanol at 
different temperatures 
Observing simulated data graphics (figure 21), as in the experimental case, the 
deviation from ideal mixing behaviour increases by increasing the temperature. 
Additionally, quantitatively, these increments are similar to the experimental 
cases. 
In conclusion, as it also can be seen in figure 21, there is negative excess molar 
volume behaviour at low IL concentrations but, at high IL concentrations, 
positive excess molar volume behaviour can be shown. Although it does not 
represent this real mixture behaviour, there are other mixtures which present 
this behaviour. It is due to that disruption of H-bonds makes a positive 
contribution, but specific interactions make negative contributions to excess 
molar volume49. 
 
 
-1,E-03
-8,E-04
-6,E-04
-4,E-04
-2,E-04
0,E+00
2,E-04
4,E-04
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
Ex
ce
ss
 m
o
la
r 
vo
lu
m
e
 (
m
3
/k
m
o
le
) 
x [emim][EtSO4] 
293 K 298 K 303 K
51 
 
10. Conclusion 
Results of thermodynamic simulations of three IL/cosolvent mixtures are 
reported. The UniSim program has been utilised to carry out these simulations. 
It has been demonstrated that UniSim is able to represent the behaviour of 
these three mixtures in terms of excess molar volume in some ranges of 
mixture composition when critical data and some geometric parameters are 
introduced. 
[bmim][[PF6] with ethyl acetate and [emim][EtSO4] with ethanol are alike in their 
negative excess molar volume behaviour. In contrast, [bmim][BF4] behaves 
differently, as it has positive excess molar volumes. The similarities in certain 
ranges can be only qualitative or also quantitative. 
Firstly, regarding the [bmim][BF4] and water mixture, high IL concentration can 
be properly represented by UniSim. It seems that is owing to small water 
additions do not significantly change the pure IL structure. On the contrary, 
higher amounts or water cause significant structure alterations and, as a 
consequence, UniSim is not able to represent it appropriately. 
Secondly, as regards [bmim][PF6] with ethyl acetate behaviour, it can be 
properly represented as long as IL mole fraction is lower than 0.4. It seems that 
the cosolvent occupies interstitial spaces due to symmetric PF6 structure which 
induces steric dominant effects. 
Finally, the [emim][EtSO4]/ethanol mixture can be appropriately represented for 
IL molar fractions below 0.3. Free volume effect, interstitial accommodation and 
the effect of the condensation give negative excess molar volume contributions. 
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A couple of improvements that could be carried out are proposed below. 
The first improvement would be to try to represent the interactions between 
molecules. This could be done with the same program (UniSim), and even the 
same thermodynamic package. However, experimental data such as heat of 
formation or heat of combination, among others, would be necessary and those 
are not available yet in the literature. 
The second improvement could be carried out also with UniSim program, but 
with another thermodynamic package. A package with electrolyte-equation-of-
state model could be utilised. It could be represent more accurately the IL‘s 
behaviour rather than UNIQUAC model.  
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